Cyclic GMP system in the epidermis.
A great deal of knowledge has been gained concerning the activation of adenylate and guanylate cyclase in epidermal cells. Adenylate cyclase is activated by 4 different independent receptors-responding respectively to catecholamine (beta), to prostaglandins (E), to histamine (H2), and to adenosine and it phosphorylated derivatives. Upon activation, each of these receptors becomes unresponsive to further stimulation by its specific stimulator. Guanylate cyclase, on the other hand, is activated by histamine (H1) and epidermal growth factor (EGF). Unlike EGF, the histamine activation is extremely rapid (less than 5 minutes). Epidermal cells are permeable (leak) to cyclic GMP but not cyclic AMP. When the skin is traumatized or injured in any way (even by intradermal injection) there is a sudden catastrophic change in the intracellular levels of the cyclic nucleotides (and of ATP). Cyclic AMP rapidly rises to perhaps 5-10 times its normal resting level while cyclic GMP falls to 10-20% of its level in vivo. The rise in cyclic AMP is due to activation of adenylate cyclase while the fall in cyclic GMP is due in major part to activation of cyclic GMP phosphodiesterase (and perhaps the fall in ATP is due to activation of ATPase). The changes in ATP and cyclic AMP can be reversed by incubating the tissue in a buffered salt solution containing glucose, but this does not normalize the cyclic GMP content. The fall in cyclic GMP can be prevented by a phosphodiesterase inhibitor (IBMX ). This series of events has been called the "ischemia effect." However, it implies that a lack of oxygen is at fault, and that has not been shown to be the case. Its underlying cause and possible physiologic significance are not known. Do these changes in cyclic nucleotides have effects on epidermal proliferation? And does EGF? Agents which increase cyclic AMP do inhibit the epidermal outgrowth and mitotic activity of explant cultures of pig skin. Cyclic GMP does increase outgrowth at a particular concentration. Histamine, which elevates both cyclic nucleotides, has a biphasic action depending on its concentration. These findings imply that these nucleotides do act as one of the controls of epidermal proliferation. The action of cyclic GMP is not accompanied by detectably increased phosphorylation of epidermal proteins. On the other hand, EGF action which also enhances epidermal outgrowth is characterized by an increased protein phosphorylation that precedes any increase in cellular cyclic GMP. We conclude that the action of EGF is independent of the cyclic nucleotide system.